A b s t r a c t Introduction: Adipokines are regulatory molecules which act as mediators of the inflammatory, fibrotic and metabolic processes by interacting with the immune system. Aim: We hypothesized that chemerin and visfatin by pro-inflammatory properties play a significant role in inflammation in systemic sclerosis. To address this hypothesis, we determined serum chemerin and visfatin levels in SSc patients, compared with the control group and defined the correlations with clinical and laboratory parameters in SSc patients. Material and methods: The study included 48 Caucasian female patients with SSc and 38 healthy subjects of the control group. Serum concentrations of selected adipokines were measured using commercially available ELISA Kits. Results: Patients with SSc had higher chemerin levels (209.38 ±55.35 ng/ml) than the control group (182.71 ±33.94 ng/ ml) and the difference was statistically significant (Z = 2.14, p = 0.032). The highest chemerin levels were found in dcSSc patients (242.46 ±95.82 ng/ml). We indicated a positive correlation of chemerin and visfatin with levels of inflammatory markers: CRP (r = 0.35, p = 0.013 for chemerin; r = 0.41, p = 0.003 for visfatin) and ESR (r = 0.31, p = 0.03 for chemerin; r = 0.30, p = 0.03 for visfatin). What is more, chemerin manifested a statistically significant positive correlation with the concentration of complement component C3 (r = 0.47, p = 0.001) and C4 (r = 0.29, p = 0.049), whereas visfatin correlated with C4 levels (r = 0.32, p = 0.029).
Introduction
Systemic sclerosis (SSc) is a chronic, multi-organ connective tissue disease of uncertain etiology which affects the skin and internal organs, particularly the lungs, heart and gastrointestinal tract. It is characterized by widespread vascular injury, inflammation, fibrosis and autoimmune disturbances [1] . Recently adipocytokines have attracted much attention in terms of autoimmune disorders as inflammatory molecules involved in pathological cytokine networks [2] . In SSc, several adipocytokines have been reported to be implicated in the development of immune abnormalities, fibrosis as well as microangiopathy [3] [4] [5] [6] [7] [8] .
Adipocytokines, or adipokines, is a general term for bioactive proteins secreted by adipose tissue and mediators linking adipose tissue, inflammation and immunity. Thus, in addition to energy homeostasis, they participate in inflammatory processes, and emerging evidence indicates that some have also immunomodulating, pro-or anti-fibrotic or even angiogenic properties [9] [10] [11] [12] [13] .
Chemerin is an adipocytokine that emerged in 1997 and was originally isolated from inflamed biological flu-ids in the context of psoriasis and hypothesized to be involved in cell-cell or cell-extracellular matrix interactions [14] . It is a 16-kDa protein acting as tazarotene-induced gene 2 (TIG2; also known as retinoic acid receptor responder gene 2, RARRES2) [14] . Chemerin and its receptors are expressed in adipose tissue, dendritic cells and macrophages [15] . Recently, it has been reported to have a number of physiological and pathophysiological actions [16] . Chemerin has a dual ("chimeric") effect on inflammation: pro-inflammatory through ChemR23 receptor activation or anti-inflammatory via CMKLR1 (chemokinelike receptor 1), thus exhibits two opposite actions [17, 18] . On the one hand, it exerts a chemotactic function for immune cells (leukocytes, immature dendritic cells and macrophages), promoting cellular migration in inflammatory conditions [2, [18] [19] [20] [21] [22] , on the other hand, it inhibits pro-inflammatory cytokines such as interleukin 6 (IL-6) and tumor necrosis factor α (TNF-α) [17, 18] . Chemerin is thought to be involved in the chronic inflammatory process, including psoriasis, lichen planus, SLE and rheumatoid arthritis (RA) [20, [23] [24] [25] [26] . Moreover, chemerin has been found to mediate dysregulated angiogenesis and may be assumed as a pro-angiogenic factor that plays an important role in tumor invasion and metastasis by promoting angiogenesis [15, 18, 21, 27] .
Visfatin, also known as nicotinamide phosphoribosyltransferase (NAMPT), is a 52 kDa adipocytokine, which was first found in 1994 and was initially recognized as a pre-B-cell colony enhancing factor (PBEF), which enhances differentiation of B-cell precursors in synergy with IL-7 and stem cell factor [28] . Later, in 2004, it was identified as a key regulator of metabolism and insulin resistance [29] . It is secreted by adipocytes and macrophages infiltrating the adipose tissue [30] [31] [32] . It is also produced by several tissues, including skeletal muscle, liver, and bone marrow, basically by immune cells such as neutrophils and lymphocytes [28] . It functions as an immunomodulatory and proinflammatory cytokine that stimulates monocytes to produce pro-inflammatory cy-tokines such as IL-1, IL-6, IL-8 and TNF-α and induces chemotaxis of activated mononuclears [10, 19, 31, 33, 34] . Reflecting its pro-inflammatory properties, an upregulation of visfatin was reported in the inflammatory condition such as inflammatory bowel disease, Behçet disease and RA [5, 8, 10, 11, 22, [35] [36] [37] [38] . Moreover, there is a large body of evidence showing that visfatin might attenuate angiogenesis and endothelial cell reparation [29, 39] and the potential role of visfatin in organ fibrosis was reported [11] [12] [13] .
Taking these data into consideration, we hypothesized that chemerin and visfatin may be potentially involved in the inflammatory mechanisms of SSc pathogenesis.
Aim
Thus, to further explore this hypothesis, in the present study, we measured the serum concentrations of visfatin and chemerin in patients with SSc and in healthy controls to further investigate the role of these molecules in SSc.
Material and methods
Patients A total of 48 Caucasian female patients with SSc (aged 34-84 years, 62 ±10.6years), fulfilling the American College of Rheumatology (ACR) and/or EULAR classification criteria were included in the study [40, 41] . The control group included 38 healthy subjects, matched with patients for sex, age, BMI and race (aged 36-88; 56.3 ±9.7 years) ( Table 1 ). Patients and healthy controls were voluntarily recruited and informed consent was obtained from all participants. The study was approved by the Bioethics Committee. Patients with overlap syndromes, kidney disease, diabetes mellitus, thrombosis, metabolic syndrome/hyperlipidemia, pregnancy, neoplastic diseases and those with habitual cigarette smoking and alcohol drinking were excluded from the study.
Clinical assessment
According to the criteria proposed by LeRoy et al., patients were classified as having either limited cutaneous SSc (lcSSc) or diffuse cutaneous SSc (dcSSc) [42] . Disease onset was defined as the first clinical symptom of SSc other than Raynaud phenomenon (RP). Disease duration was defined as the interval between onset and time of blood sampling. The disease activity was assessed according to the European Scleroderma Study Group (EScSG) disease activity index score for SSc (Valentini disease activity index) as active or inactive [43] . Skin thickness of all patients was evaluated using a modified Rodnan total skin thickness score (mRSS) [44] . Microvascular complications such as digital ulcers and osteolysis of the distal phalanges of the fingers (acroosteolysis) were also evaluated. Nailfold capillaroscopy was performed to estimate SSc microangiopathy according to the criteria proposed by Cutolo et al. [45] . Patients with ground glass opacification, centrilobular nodules or honeycomb picture in high-resolution computed tomography (HRCT) were regarded to have lung involvement. Lung function parameters were assessed by spirometry (forced vital capacity -FVC; total lung capacity -TLC) in 41 of SSc patients and percentage diffusing capacity for carbon monoxide (%DLCO) was examined in 26 individuals from the SSc group. Pulmonary artery pressure and valvular insufficiency were assessed by colour Doppler echocardiography (ECO). The pulmonary arterial hypertension was defined as right ventricular systolic pressure (RVSP) ≥ 35 mm Hg in Doppler echocardiography and was determined only at rest [46] .
Laboratory measurements
As part of routine patient assessment: 1) the presence of ANAs and their specificity including anticentromere antibodies (ACAs), anti-topoisomerase 1 antibodies (anti-topo I, Scl-70), anti-RNA polymerase I or III antibodies, anti-U3-and U1-RNP, PM-Scl and anti-Ku antibodies was determined in the blood by means of IIF on HEp-2 cells and/or immunoblot analysis, 2) serum levels of C3 and C4 complement were measured, 3) CRP and ESR values were assessed, 4) estimated glomerular filtration rate (eGFR) was calculated from routine creatinine measurements using Modification of Diet in Renal Disease equation [47] . The lipid profile, including total cholesterol, low-density lipoproteins (LDL), high-density lipoproteins (HDL) and triglycerides (TG) levels was analyzed among patients and healthy controls.
Serum concentrations of adipokines were measured using commercially available ELISA Kits: visfatin (Nampt/Visfatin human EIA KIT immunoGen, Poland) and chemerin (Human chemerin Elisa, BioVendor, Czech Republic) according to the manufacturer's instructions.
The material for the study was fasting peripheral blood drawn for blood clot in the morning. The samples were allowed to clot for 30 min and centrifuged for 15 min at 1000 × g. Obtained sera were stored at -70°C immediately after collection until further analysis. The concentration level of cytokines was calculated using an appropriate standard curve generated by the reader ELISA ELX 800 Bio-tek Instruments, USA.
Statistical analysis
The results were analyzed statistically using STATISTI-CA 10.0 PL software. Equality of distribution for each variable within normal distribution groups was tested using the Lilliefors version of the Kolmogorov-Smirnov test as well as the Shapiro-Wilk test. Pairs of independent groups were compared using the Mann-Whitney U test. The relationship between adipokines and patient characteristics were correlated by Spearman's rank correlation test, where p < 0.05 was considered as statistically significant.
Results

Clinical and laboratory characteristics of SSc patients
Detailed clinical and laboratory characteristics of SSc patients and healthy controls are summarized in Tables 1  and 2. Out of 48 patients, 42 had lcSSc and 6 had dcSSc. Mean disease duration for the whole SSc group was 12.85 ±7.63 years. In the dcSSc group, the majority of patients (n = 5/6) was in the late disease period (mean disease duration 13.4 ±7.12 years, range: 6-25 years). Similarly, in the lcSSc group, most patients (n = 34/42) have late disease with mean duration of 15.11 ±6.74 years (range: 5-35).
Since serum chemerin levels are reported to be significantly elevated in patients with chronic kidney disease [48, 49] , we estimated the glomerular filtration rate among the SSc group. The mean value of eGFR was slightly decreased in SSc patients (81.51 ±21.02 ml/min/1.73 m 2 ). In the dcSSc group, 3/6 patients while in the lcSSc group, 10/42 individuals had eGFR < 90 ml/min/1.73 m 2 . In the whole SSc group, chemerin levels did not correlate with eGFR values (r = -0.19, p = 0.14); however, in the early lcSSc group (n = 8), a significant negative correlation has been found between chemerin levels and eGFR (r = -0.88, p = 0.018). Then, we classified SSc patients into two groups according to a significant decrease in eGFR. Eight SSc patients had significantly decreased eGFR < 60 ml/min/1.73 m 2 (all with lcSSc); however, patients with decreased eGFR < 60 ml/min/1.73 m 2 had comparable serum chemerin levels (210.19 ±63.16 ng/ml) than those with values ≥ 60 ml/ min/1.73 m 2 (204.43 ±52.44 ng/ml), (Z = 0.31; p = 0.74). Importantly, serum chemerin levels did not correlate with eGFR in either SSc patients with eGFR < 60 ml/min/1.73 m 2 (r = 0.13, p = 0.075) or in SSc patients with eGFR ≥ 60 ml/ min/1.73 m 2 (r = -0.29, p = 0.08). Since the renal function seems to not affect serum chemerin levels in our SSc patients with eGFR < 60 ml/min/1.73 m 2 , we did not exclude those 8 patients with eGFR < 60 ml/min/1.73 m 2 from the following analyses. Controls with eGFR < 90 ml/min/ 1.73 m 2 were excluded from the study.
In view of chemerin and visfatin as bioactive proteins secreted by adipose tissue and key regulators of me-tabolism, we assessed the lipid profile in SSc patients, compared it to healthy controls and analysed a potential correlation with these adipocytokines. No statistically significant difference was found according to BMI (p = 0.177), total cholesterol, LDL and HDL; whereas TG concentrations were significantly elevated in SSc patients when compared with healthy controls (Table 1) . Concerning the lipid profile, we found a statistically significant 
RP -Raynaud phenomenon -duration, HDL -high-density lipoprotein, LDL -low-density lipoprotein, TGL -triglycerides, BMI -body mass index.
positive correlation between chemerin and LDL values (r = 0.31; p = 0.03), visfatin and TG values (r = 0.31; p = 0.02) and a significant negative correlation was observed between visfatin levels and HDL (r = -0.34; p = 0.017), while in the control group, no significant correlations were found except of close to a significant positive correlation between chemerin and HDL (r = 0.30; p = 0.06) ( Table 3) .
Serum levels of chemerin and visfatin in SSc patients and the control group
Serum chemerin levels in SSc patients were significantly higher (209.38 ±55.35 ng/ml) than in the control group (182.71 ±33.94 ng/ml), (p = 0.032) ( Table 4 ). The highest chemerin levels were found in dcSSc patients (242.46 ±95.82 ng/ml) and this was close to statistically significance when compared to healthy controls (p = 0.07). Patients with lcSSc have significantly higher serum chemerin (204.65 ±47.00) than the control group (p = 0.02) but comparable with the dcSSc subtype (p = 0.4). In contrast, we did not find any differences in visfatin concentrations in SSc patients when compared to controls as well as between lcSSc and dcSSc groups (Figures 1 A and B ).
Correlation of serum chemerin and visfatin levels with clinical characteristics of SSc patients
Correlation with disease duration
Since previous reports suggested that chemerin levels correlate well with duration of the disease in SSc pa- (1.5-35) years and for dcSSc (n = 6) the mean value was 11.5 years. Neither chemerin nor visfatin levels correlated with disease duration in the total SSc group (r = 0.07, p = 0.613 and r = -0.17, p = 0.26, respectively). Similarly, when divided according to the disease subtype (lcSSc and dcSSc), no correlations were found between serum chemerin or visfatin and time from the disease onset (Table 3 ). Next, we classified SSc patients according to disease duration into early/mid-stage (< 6 years; 9 patients, including 1 patient with dcSSc and 8 with lcSSc) and late stage (≥ 6 years; 39 patients, including 34 with lcSSc and 5 with dcSSc) as described previously [5, 50, 51] . Serum chemerin as well as visfatin levels did not differ significantly between SSc patients with early/ mid-stage and those with the late stage of the disease (p = 0.35 and p = 0.16, respectively) ( Figures 2 A and B ). Moreover, there was no correlation of both chemerin and visfatin with the time of disease duration either in patients with early/mid-stage or late stage of the disease (r = 0.80; p = 0.08 for visfatin in early/mid-stage; r = -0.11; p = 0.77 for chemerin in early/mid-stage; r = -0.14; p = 0.37 for visfatin in late stage; r = -0.10; p = 0.52 for chemerin in late disease), (data not shown).
Correlation with skin and lung fibrosis
Next, we analyzed the possible association of serum chemerin and visfatin with parameters reflecting dermal and pulmonary fibrosis, including modified Rodnan total skin thickness score (mRSS), presence of ILD on lung HRCT, pulmonary function tests, including forced vital capacity (FVC), as well as percentage diffusing capacity for carbon monoxide (%DLCO).
The mean value of mRSS in the total SSc group was 10 ±6.2 and ranged from 2 to 28. We also divided patients into two groups based on the severity of skin involvement: those with mRSS value < 14 and those with mRSS ≥ 14 (the mRSS cut off value was chosen based on EScSG disease activity index score).
Scleroderma-related interstitial lung disease, based on HRCT findings, was present in 43 patients (89.5%), 9/26 patients had decreased %DLCO value (< 80%), 6/41 had lowered %FVC (< 80%) and in 12/38 decreased TLC (< 80%) was found.
Levels of serum chemerin and visfatin were not associated with the severity of skin involvement as assessed by mRSS -the values were comparable between patients with mRSS < 14 and those with mRSS ≥ 14 (p = 0.80 for chemerin and p = 0.53 for visfatin), (data not shown). Moreover, serum chemerin and visfatin did not correlate with the mRSS value in the total SSc group (r = -0.03; p = 0.80 for chemerin; r = 0.09; p = 0.53 for visfatin) and in patients with lcSSc (r = 0.02; p = 0.85 for chemerin; r = 0.15; p = 0.32 for visfatin); however there was a significant inverse correlation between serum chemerin and mRSS in those with dcSSc (r = -0.82; p = 0.04) while no correlation was found for visfatin in this group (r = -0.41; p = 0.41) (Table 3) .
Similarly, when considering pulmonary involvement, we did not observe any statistically significant associations between chemerin or visfatin levels and the presence of ILD on lung HRCT (Table 5 ). Chemerin serum levels as well as values of visfatin were not significantly different in patients with decreased %FVC values than in those patients with normal %FVC. Patients with SSc with decreased %DLCO values had comparable chemerin or visfatin levels when compared to SSc individuals with normal %DLCO ( Table 5 ). Of note, impairment of the pulmonary function due to fibrosis in SSc progresses with disease duration. Notably, when we divided patients into two groups: an early/mid-stage and late disease, chemerin positively correlated with FVC value in late stage disease (r = 0.42; p = 0.01). Moreover, in patients with late disease we found an almost significant inverse correlation of serum chemerin and the presence of ILD on lung HRCT (r = -0.31; p = 0.058) ( Table 6 ).
Correlation with vascular involvement
In our SSc patient group, 11 (22.9%) had elevated pulmonary artery pressure as assessed by Doppler echocardiography, including 9 individuals with limited disease. None of the SSc patients had renal crisis. Active digital ulcers were present in 13 (27%) and acroosteolysis in 13 (27%) of SSc subjects. Based on criteria proposed by Cutolo et al. [45] , an early capillaroscopic pattern was found in 10 (20.8%), active pattern in 8 (16.6%) and late pattern in 20 (41.6%) SSc patients. An increased value of sPAP (≥ 35 mm Hg) on ECO was present in 11 (22.9%) patients, among them 9 subjects with lcSSc.
According to the clinical complication of SSc microangiopathy, we did not find any association between analyzed adipocytokines serum levels and the presence of active digital ulcers, as well as no substantial differences were observed according to the presence or absence of acroosteolysis. No significant differences in the levels of chemerin and visfatin were found between the three capillaroscopic patterns (early, active and late).
Chemerin concentrations negatively correlated with the PAH value in the group of dcSSc patients (r = -0.82, p = 0.04), while for lcSSc, no substantial correlation has been observed (r = 0.08; p = 0.62). In contrast, serum visfatin showed a positive correlation with PAH in early disease (r = 0.75; p = 0.03) ( Table 6 ).
Correlation of serum chemerin and visfatin levels with inflammatory markers in SSc patients
Consistently with the potential role in the regulation of inflammatory processes, we correlated chemerin and visfatin serum levels with serum markers of inflammation in SSc patients. Interestingly, chemerin levels positively correlated with both C-reactive protein (CRP) (r = 0.36; p = 0.012) and ESR (r = 0.31; p = 0.03). We also indicated a significant positive correlation of visfatin with CRP (r = 0.41, p = 0.003) and ESR (r = 0.30, p = 0.03), (Figure 3) .
What is more, chemerin manifested a strong positive correlation with the concentration of complement component C3 (r = 0.47, p = 0.001) and C4 (r = 0.29, p = 0.049), whereas visfatin levels positively correlated with serum C4 (r = 0.32, p = 0.029), but not with C3 component ( Figure 4 ).
Correlation with disease activity
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patients with SSc stratified according to the disease activity did not show statistically significant differences in either chemerin or visfatin levels between active patients and those with inactive disease (209.28 ±91.16 ng/ ml vs. 214.88 ±43.91 ng/ml for chemerin; 5.36 ±4.20 ng/ ml vs. 5.28 ±4.36 for visfatin; p > 0.05 for both comparisons), (data not shown); however with the use of Spearman's rank correlation test, there was a close to significant negative correlation between chemerin serum levels and disease activity index (r = -0.27, p = 0.066) ( Table 4 ).
Discussion
In recent years, there have been more and more data on the role of adipocytokines in autoimmune responses. In the last decade, two relatively novel adipocytokines, chemerin and visfatin, were suggested to potentially contribute to the development of rheumatic inflammatory conditions due to their pro-inflammatory and immunomodulating properties as well as potential pro-fibrotic and angiogenic activity; however there are only scarce data in the literature on the significance of visfatin and chemerin in systemic sclerosis [2, 5, 21] .
Our study sought to compare serum chemerin and visfatin levels in SSc patients and healthy controls and to determine whether chemerin and visfatin are associated with clinical profiles of the patients. Additionally, due to the fact that chemerin and visfatin seem to have a role in inflammatory and immune responses we aimed to assess if their values might be associated with inflammatory markers of the disease. Moreover, since some factors, including BMI and renal function (eGFR), might influence chemerin or visfatin levels in serum [2, 52] , all patients and subjects from the control group were adjusted for age and sex, and did not differ significantly in BMI and lipid profile, except for higher TG values among SSc patients. In the SSc group, serum chemerin levels did not correlate with eGFR even in those patients with a significantly impaired renal function (eGFR < 60/ml/1.73 m 2 ), which is in opposite to the study by Masui et al. [5] . Thus, we did not exclude those patients from following analyses. The analyzed laboratory data were adjusted to these The main findings of the present study are as follows: 1) patients with SSc have higher serum chemerin levels than healthy controls, whereas visfatin levels did not differ significantly; 2) the highest chemerin levels were found in patients with a diffuse clinical subtype of the disease (dcSSc); 3) among dcSSc patients, serum chemerin levels inversely correlated with the severity of skin involvement and the presence of PH; 4) in patients with late disease, chemerin levels positively correlated with %FVC and there was a negative correlation with the presence of lung fibrosis; 5) visfatin positively correlated with the presence of PH in patients with early disease; 6) both chemerin and visfatin levels positively correlated with markers of systemic inflammation CRP and ESR as well as with serum complement component C3 and C4.
In the present study, patients with SSc displayed significantly higher serum chemerin when compared to the control group and the highest chemerin values were found among patients with a diffuse subtype of the dis-ease. Our findings are in opposite to results of Akamata et al. [2] who reported comparable serum chemerin levels in SSc patients and healthy individuals as well as no significant difference between dcSSc and lcSSc patients. Moreover, in contrast to our results, authors showed the lowest chemerin levels in two dcSSc patients. Our notion is also in conflict with the study of Chighizola et al. [21] who reported significantly lower chemerin levels in dcSSc patients compared to controls whereas patients with lcSSc presented similar serum chemerin to healthy subjects.
The discrepancy between studies related to chemerin might result from the different proportion of disease subtypes and different time of disease duration among SSc patients in particular reports, since in our study, the number of dcSSc patients was relatively low -only 6 from 48 patients had dcSSc, while in this of Akamata et al. [2] , the dcSSc : lcSSc ratio was significantly higher -34 : 30. Moreover, in the study of Akamata et al. [2] , the mean time of disease duration was 6 years (2-13.5), whereas our patients had an average value of disease duration of 12.85 years, ranging from 1.5 to 35 and were mostly in late stage of the disease (early/mid-stage : late SSc ratio was 9 : 39). Of note, the correlation between serum chemerin and disease duration has been suggested in previous reports and it was particularly significant when considering patients with dcSSc [2, 21] . Akamata et al. [2] reported significantly decreased serum chemerin levels in early dcSSc compared with late-stage dcSSc and in the study by Chighizola et al. [21] , dcSSc patients with disease duration below 36 months presented lower levels of serum chemerin compared to those with dcSSc diagnosis longer than 36 months. Unfortunately, we did not confirm such correlation either in the total SSc group or among patients with a diffuse disease subtype. According to visfatin, our observations are in the line with those of Masui et al. [5] and Ozgen et al. [53] , who found no differences in serum visfatin levels among total SSc, dcSSc, lcSSc and healthy controls. Importantly previous studies have reported that serum visfatin levels were increased in rheumatoid arthritis (RA) [36, 53] and active Behçet disease (BD) patients [53] , but not in systemic lupus erythematosus (SLE) [53, 54] . These findings may result from differences in the cytokine secretion profile of the particular diseases, since RA and BD are Th1mediated diseases, while SLE and SSc are Th2-mediated pathologies [53] .
In case of visfatin serum levels, we also showed no correlation with time from disease onset, which is in opposite to the report of Masui et al. [5] , who found that serum visfatin levels are comparable to normal during early-and mid-stage dcSSc, but are significantly increased in late-stage dcSSc. Once again, it may be a consequence of different proportions of disease subtypes and disease duration as discussed before.
Keeping in mind that both adipocytokines may be involved in fibrotic and angiogenic responses, which are key events in SSc pathogenesis, we looked forward to their potential contribution to clinical characteristics of SSc patients.
Regarding cutaneous signs of fibrosis, we did not find any correlation between either chemerin or visfatin and the severity of skin involvement (mRSS score) in the total SSc group; however, when considering only patients with a diffuse disease subtype (dcSSc), serum chemerin inversely correlated with the intensity of skin fibrosis. In this aspect, we find data from a previous study by Akamata et al. [2] somewhat inconsistent, since authors reported a positive correlation between serum chemerin levels and mRSS in the dcSSc group, but concluded that the reduction of serum chemerin may largely contribute to the initiation of fibrosis in dcSSc, what indicates a rather inverse correlation and fits well with our findings. Consequently, a negative correlation between chemerin and mRSS suggests that down-regulation of chemerin may play some role in the developmental process of skin sclerosis, particularly in dcSSc. In favor of this suggestion is the fact that chemerin was found downregulated in fibroblasts surrounded with thickened collagen bundles in dcSSc lesional skin and it resulted from autocrine TGF-β stimulation and Fli1 deficiency [2] . Thus, chemerin might have an anti-fibrotic effect on SSc dermal fibroblasts. Of note, in previous reports, chemerin was reduced particularly in the early phase of dcSSc when fibrotic changes are rapidly progressive [2, 21] . Unfortunately, we were unable to face with this notion since the number of patients with early/mid-stage dcSSc in our study was too low (n = 1) to reach the statistical power for the correlation with the late-stage group (n = 5).
According to pulmonary fibrosis, we did not find any correlation between serum chemerin or visfatin with the presence of ILD on HRCT, %FVC on lung function tests or %DLCO in the total SSc group. Similarly, in the report by Chighizola et al. [21] , no significant difference emerged when chemerin levels were compared between patients with and those without ILD. This is also in line with Akamata et al. [2] who found no significant correlation of serum chemerin levels with %VC or %DLCO.
Of note, impairment of the pulmonary function due to fibrosis in SSc progresses with disease duration. Consistently with this notion, we found that in our SSc patients with the late stage of the disease chemerin positively correlated with FVC value and there was an almost significant inverse correlation with presence of ILD on lung HRCT. Increased chemerin may therefore potentially play a protective role in lung fibrosis. This can be explained by in vitro studies on a mice model, which showed that CMKLR1 chemoattractant receptor for chemerin is expressed on NK cells and other immune cells implicated in pulmonary fibrosis [55] . In CMKLR1deficient mice, neutrophilic infiltration of the airways was significantly increased and during the fibrotic phase, CMKLR1-deficient mice developed more severe pulmonary fibrosis as measured by lung collagen content and histopathology. Thus, the protective role of chemerin in lung fibrosis may be due to dampening the initial inflammatory response and by recruiting anti-fibrotic leukocytes [55] .
For serum visfatin, in compliance with our results, Masui et al. [5] detected no significant correlation with either skin or interstitial lung disease. However, since authors observed significantly elevated serum visfatin in late-stage dcSSc that is generally characterized by the spontaneous resolution of skin sclerosis, they suggested that visfatin elicits the anti-fibrotic effect on SSc dermal fibroblasts [5] . Indeed, in vitro experiments showed that visfatin reverses the pro-fibrotic phenotype of SSc dermal fibroblasts suppressing COL1A2 mRNA expression and increasing MMP-1 mRNA levels, in a dose-dependent manner [5] . Importantly, visfatin also reversed the pro-fibrotic phenotype of normal dermal fibroblasts stimulated with TGF-β [5] . However, these in vitro observations of Masui et al. [5] need further evaluation, since in a couple of other fibrotic disorders, the profibrotic effect of visfatin has been well documented [11, 12] . Serum visfatin levels correlated with fibrosis scores in patients with chronic hepatitis C and visfatin expression was positively associated with the fibrosis stage in non-alcoholic fatty liver disease [11, 12] . Moreover, visfatin induced the expression of basic fibroblast growth factor (bFGF) in rat hepatic stellate cells [56] and promoted the proliferation and the synthesis of type I and type III collagen in rat cardiac fibroblasts [13] . Thus, taken together visfatin might have a dual effect on fibrosis in a context-dependent manner. Whether its levels influence skin sclerosis in SSc and the detailed mechanism remains to be elucidated.
Since the elevated expression of chemerin was reported in dermal small blood vessels, suggesting the contribution of the activated chemerin/ChemR23 pathway to the development of SSc vasculopathy [2] , and there is a large body of evidence showing that visfatin is a potential new player in the development of endothelial dysfunction [29, 39, 56, 57] , we further examined their potential contribution to the vascular symptoms reflecting SSc-related microangiopathy.
As for cutaneous vascular symptoms, in contrast to Akamata et al. [2] , who reported higher serum chemerin levels in SSc patients with digital ulcers, we did not find any associations between either chemerin or visfatin and the presence of active digital ulcerations. Moreover, in our SSc group no correlation has been found with severity of capillary damage assessed on nailfold video-capillaroscopy (NVC). Our observations fit well with another previous study of Chighizola et al. [21] who found comparable chemerin levels when patients were grouped upon capillaroscopic patterns or the presence of digital ulcers.
An important novel finding of our study is that chemerin concentrations negatively correlated with PH estimated on ECO by elevated right ventricular systolic pressure (RVSP), but only in the group of dcSSc patients, whereas serum visfatin showed a positive correlation with PH in early/mid-stage disease, mostly in lcSSc individuals (8 patients with lcSSc and 1 patient with dcSSc). To the best of our knowledge, there is only one anecdotic reference in the literature concerning chemerin and PH among SSc patients [2] . Similarly to our results, Akamata et al. showed that chemerin did not affect the presence of elevated RVSP in the total SSc group, but the authors did not consider lcSSc and dcSSc separately [2] . Such consideration seems justified in view of different pulmonary hypertension mechanisms in lcSSc and dcSSc. PH due to vasculopathy of the small pulmonary arteries (group 1; pulmonary arterial hypertension, PAH) most commonly occurs in patients with limited cutaneous disease and is more common than in dcSSc; conversely, PH secondary to pulmonary fibrosis occurs more frequently in dcSSc versus lcSSc [58] [59] [60] . Taking this aspect into consideration, our observations suggest that down-regulation of chemerin may play some role in the developmental process of ILD-related PH in dcSSc patients, rather than PAH. In line with this suggestion is our notion of inverse correlation between chemerin and lung involvement in SSc patients with the late stage of the disease. However, chemerin receptor ChemR23 is widely expressed in the media of rat pulmonary arteries and in vitro results on rat models suggested that chemerin could directly participate in in-vivo pulmonary vascular remodeling and PAH development particularly in conditions where endothelin-1 (ET-1) is up-regulated since it potentiates ET-1-induced vasoconstriction [61, 62] .
On the other hand, based on our observation, visfatin seems to be rather associated with induction of PAH in lcSSc patients. In favor of this suggestion is that in patients with idiopathic PAH, visfatin positively correlated with PAH and with pulmonary vascular resistance [63] . Moreover, in vitro studies established the influence of visfatin on several biological processes involved in pulmonary vascular remodeling [64] . Plasma, mRNA and protein levels of visfatin were increased in the lungs and isolated pulmonary artery endothelial cells from patients with pulmonary arterial hypertension, as well as in lungs of rodent models of pulmonary hypertension. Visfatin activity promoted human pulmonary artery smooth muscle cell proliferation via a paracrine effect [65] . Therefore, visfatin may play an important role in PAH pathobiology by promoting pulmonary vascular remodeling during pulmonary hypertension development and pharmacological inhibition of visfatin activity attenuated experimental PH [65] . Despite this appealing biological plausibility, further studies are needed to ascertain whether they have a relevant role in the pathophysiology of PAH and whether it is possible that similar effects could occur in the context of SSc-related PAH.
Interestingly, reflecting their role in inflammatory processes, we showed that both chemerin and visfatin levels positively correlated with parameters of systemic inflammation, i.e. CRP and ESR in patients with SSc. Data concerning this issue are scarce. Only one previous study analyzed the potential association of visfatin with inflammation in SSc and on the contrary, showed that the levels of high-sensitivity CRP and ESR did not correlate with serum visfatin levels in dcSSc and lcSSc [5] . However, our results might be supported by findings from other inflammatory conditions [31, [36] [37] [38] . The visfatin level was positively correlated with the CRP level as well as tissue inflammation in the BD and RA group [25, 26, 53, [66] [67] [68] . Visfatin has well-documented pro-inflammatory and immunomodulatory effects [10, 35] . It stimulates monocytes to produce pro-inflammatory cytokines such as IL-1, IL-6 and TNF-α [69] .
Of note, our notion concerning chemerin is novel and has not been previously reported in SSc; however this is not unique for SSc, since a positive correlation between chemerin serum levels and CRP in patients with type 2 diabetes and metabolic syndrome has been notified [70, 71] . Moreover, the decrease in chemerin serum levels was associated with the drop in ESR and CRP as well as overall disease activity (DAS28) in RA patients after anti-TNF therapy [72] . Importantly, chemerin does not seem to correlate with CRP in healthy, non-obese individuals [73] . This indicates pro-inflammatory activity of chemerin in pathological conditions. In fact, chemerin and ChemR23 receptor have been found to activate MAPK pathways and up-regulate TNF-α, IL-1β, IL-6, and MMPs [74] . This adipocytokine is implicated in chemotaxis of immune cells, including plasmacytoid dendritic cells, macrophages and NK cells [19] . In psoriatic skin lesions, fibroblast-derived chemerin largely contributes to the recruitment of plasmacytoid dendritic cells producing a large amount of IFN-α [20] . In inflammatory arthritis, the concentration of chemerin in synovial fluid is elevated and chemerin activates synovial fibroblasts and promotes joint inflammation and injury [25, 26] . On the other hand, chemerin may also have its own anti-inflammatory effects [75] and consistently, significantly elevated levels of key proinflammatory and pro-fibrotic cytokines (TNF-α, IFN-γ, IL-10, IL-17, and TGF-β) have been observed in interstitial lung tissue in CMKLR1-deficient mice [55] .
Regarding inflammatory markers, to the best of our knowledge, we are the first to report that both chemerin and visfatin levels positively correlated with serum complement component C3 and C4. The complement system response to inflammation and infection is significant in innate and adaptive immune mechanisms and has been implicated in pathogenesis of systemic sclerosis (SSc) [76] .
Taken together, our results as well as literature data from other inflammatory conditions suggest that both adipocytokines may represent new markers corresponding with inflammation in systemic sclerosis and might reflect the bridge between metabolism, inflammation and potentially, chemerin may also link inflammation with fibrosis. Since C3 and C4 status may indicate endothelium activation or damage, our observations might also suggest that chemerin and visfatin reflect vascular inflammation in SSc. Moreover, the positive correlation of chemerin and visfatin with ESR, C3 and C4 may suggest their potential role as markers of overall disease activity.
It has to be noted that our study has several limitations. First, it was a single-center investigation with a small and homogenous sample size. Another potential drawback of the study may be a selection bias. When interpreting our negative findings, we also need to consider the low statistical power, so we cannot fully exclude the possibility of a type II error.
Conclusions
Significantly higher serum chemerin in patients with SSc and the positive correlation of chemerin and visfatin with systemic inflammatory markers indicate that both adipocytokines may represent new markers correspond-ing with inflammation in systemic sclerosis and might reflect the bridge between metabolism and inflammation. The highest chemerin levels in our patients with the diffuse subtype suggest that chemerin might be specifically associated with this subtype of the disease. Consistently, when considering patients with diffuse disease subtype (dcSSc), serum chemerin inversely correlated with the intensity of skin fibrosis and there was a tendency toward the inverse correlation with interstitial lung disease in our SSc patients with late stage of the disease. Thus, potentially, chemerin may link inflammation with fibrosis: down-regulation of chemerin may play some role in the developmental process of skin sclerosis, particularly in dcSSc and increased chemerin may potentially play a protective role in lung fibrosis. Since chemerin concentrations negatively correlated with pulmonary hypertension (PH) estimated on ECO in dcSSc patients, whereas serum visfatin showed a positive correlation with PH in early/mid-stage disease, mostly in lcSSc individuals, chemerin and visfatin might be differentially involved in the development of pulmonary hypertension in SSc. Down-regulation of chemerin may play some role in the ILD-related PH in dcSSc patients, whereas visfatin seems to be rather associated with induction of PAH in lcSSc patients. Further studies are necessary to investigate multifunctional properties of these adipokines in such complex diseases like SSc.
